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INTRODUCTION

Applied Pavement Technology, Inc. (APTech), with assistance from CH2M HILL and CivilTech
Engineering, recently updated the Washington Airport Pavement Management System (APMS)
for the Washington State Department of Transportation (WSDOT) Aviation. The principal
objective for the APMS is to assess the relative condition of pavements for selected Washington
airports in the Washington State Airport System Plan (WSASP). The APMS can be used as a
tool to identify system needs, make programming decisions for funding, provide information for
legislative decision making, and assist local jurisdictions with planning decisions.

As part of this project, pavement conditions at Twisp Municipal Airport were assessed in 2005
using the Pavement Condition Index (PCI) procedure. During a PCI inspection, the types,
severities, and amounts of distress present in a pavement are quantified. This information is then
used to develop a composite index that represents the overall condition of the pavement in
numerical terms, ranging from 0 (failed) to 100 (excellent). The PCI number is a measure of
overall condition and is indicative of the level of work that will be required to maintain or repair
a pavement. Further, the distress information provides insight into what is causing the pavement
to deteriorate, which is the first step in selecting the appropriate repair action.

Programmed into an APMS, PCI information is used to determine when preventive maintenance
actions (such as crack sealing) are advisable and also to identify the most cost-effective time to
perform major rehabilitation (such as an overlay). The importance of identifying not only the
type of repair but also the optimal time of repair is illustrated in Figure 1. This figure shows that
there is a point in a pavement’s life cycle where the rate of deterioration increases. The financial
impact of delaying repairs beyond this point can be severe.
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Figure 1. Pavement condition versus cost of repair.
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This report presents the pavement evaluation results for Twisp Municipal Airport, which can be
used by the Airport and WSDOT to prioritize and schedule pavement maintenance and

rehabilitation actions at the Airport.

Applied Pavement Technology, Inc.
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PAVEMENT INVENTORY

The first step in the pavement evaluation process was determining the extent of the pavement
infrastructure at the Airport and its characteristics. To gather this information, CH2M HILL
conducted a records review to determine when and how the Airport’s pavements were
constructed and subsequently rehabilitated.

The review concluded that approximately 207,799 square feet of runway, taxiway, and apron

pavements exist at Twisp Municipal Airport, as shown in Figure 2. This figure also shows the
average age of the pavements.

120,000

Values on the chart represent 13
area-weighted age in years.

100,000 -

80,000

60,000

40,000 -

Pavement Area (sf)

20,000 -

0,

Apron Runway Taxiway

Figure 2. Twisp Municipal Airport pavement inventory.

Figure 3 presents the records review results in the form of a work history map. The Micro
PAVER database (see the inside back cover of this report) contains detailed inventory
information about the pavement system at the airport.

Using the records review information, the pavements were divided into branches, sections, and
sample units in accordance with the FAA Advisory Circular (AC) 150/5380-6A and American
Society for Testing and Materials (ASTM) Standard D5430. A branch is a part of the pavement
system that serves a single function (i.e., runway, taxiway, or apron). A section is a portion of a
branch with common characteristics (cross-section, age, traffic level, and overall condition).
Sections are divided into sample units for the purpose of pavement inspection.

Figure 4 shows how the pavement network was divided into these units and it also shows the

nomenclature used in the Micro PAVER pavement management database to identify the different
pavement areas.

Applied Pavement Technology, Inc. 3
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PAVEMENT EVALUATION

Pavement Evaluation Procedure

APTech inspected the pavements at Twisp Municipal Airport using the PCI procedure. This
procedure is described in FAA AC 150/5380-6A, which is presented in Appendix A, and in
ASTM Standard D5340. The PCI provides a numerical indication of overall pavement
condition, as illustrated in Figure 5. The types and amounts of deterioration are used to calculate
the PCI value of the section. The PCI ranges from 0 to 100, with 100 representing a pavement in

excellent condition.

Representative Pavement Surface' PCI
—— - |
100
60
5

'Photographs shown are not specific to the Airport.

Figure 5. Visual representation of PCI scale.

It should be noted that a PCI value is based on visual signs of pavement deterioration and does
not provide a measure of structural capacity.

Applied Pavement Technology, Inc. 6
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The types of distress identified during the PCI inspection provide insight into the cause of
pavement deterioration. PCI distress types are characterized as load-related (such as alligator
cracking on asphalt cement concrete [AC] pavements or corner breaks on portland cement
concrete [PCC] pavements), climate/durability-related (such as weathering [climate-related on
AC pavements] and D-cracking [durability-related on PCC pavements]), and other (distress types
that cannot be attributed solely to load or climate/durability). Understanding the cause of
distress helps in selecting a rehabilitation alternative that corrects the cause and thus eliminates
its recurrence.

Appendix B identifies the distress types considered during a PCI inspection and the likely cause
of each distress type.

Pavement Evaluation Results

The pavements at Twisp Municipal Airport were inspected on June 6, 2005. The 2005 area-
weighted condition of Twisp Municipal Airport is 52, with conditions ranging from 27 to 100
(on a scale of 0 [failed] to 100 [excellent]). During the previous inspection in 1999, the area-
weighted condition was 91.

Figures 6 and 7 summarize the overall condition of the pavements at the Twisp Municipal
Airport. Figure 8 displays the condition of the pavements evaluated. Table 1 summarizes the
results of the pavement evaluation. Appendix C presents photographs taken during the PCI
inspection and Appendix D details the distresses observed during the visual survey.
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Rehabilitation™ g
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Reconstruction
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©
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0 1
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Pavement Condition Index (PCI)

Figure 6. Twisp Municipal Airport overall condition.
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Figure 7. Twisp Municipal Airport area-weighted PCI by use.
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Table 1. Twisp Municipal Airport pavement evaluation results.

Twisp Municipal Airport
Surf Secti 2005 % Distress Due to:
Branch' | Section | >o" acze ection 1y cp? 4 | Climate or Distress Types
Type Area, sf PCI | Load Durability’
AO1TTW 01 AAC 7,004 | 9/2/1996 91 0 51 Depression, longitudinal and transverse cracking, oil spillage
A02TW 01 AC 21,335 | 9/1/1992 88 0 72 Depression, longitudinal and transverse cracking
A02TW 02 AC 6,205 | 9/2/1996 94 0 100 Longitudinal and transverse cracking
A03TW 01 AC 2,880 | 9/1/2002 | 100 0 0 No distress
A03TW 02 AC 4,800 | 9/1/2003 | 100 0 0 No distress
A03TW 03 AC 3,440 | 9/1/2004 | 100 0 0 No distress
R10TW 01 AC 108,440 | 9/2/1992 | 41 77 23 Alligator cracking, longitudinal and transverse cracking
TOITW 01 AC 20464 | 91111995 | 33 90 10 ﬁjllt;?:éor cracking, longitudinal and transverse cracking,
TO1TW 02 AC 16.226 | 91111995 | 41 83 8 ﬁrlggiltr?; cracking, depression, longitudinal and transverse
T02TW 01 AC 3721 | 9211992 27 90 8 ?rlggiltrc])g cracking, depression, longitudinal and transverse
TO3TW 01 AC 4,284 | 9/1/2003 | 100 0 0 No distress

'See Figure 3 for the location of the branch and section.

? AC = asphalt cement concrete; AAC = asphalt overlay on AC; PCC = portland cement concrete; APC = asphalt overlay on PCC.

3LCD = last construction date (date of construction or last major rehabilitation).

‘Distress due to load includes those distresses attributed to a structural deficiency in the pavement, such as alligator (fatigue) cracking, rutting, or shattered

concrete slabs.

*Distress due to climate or durability includes those distresses attributed to either the aging of the pavement and the effects of the environment

(such as weathering and raveling or block cracking in asphalt pavements) or to a materials-related problem (such as durability cracking in a concrete pavement).

Jodoay juswsbeueyy jJuswianed podiry jedidiunyy dsim|

900z Aenugo-
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Table 2 shows the 2005 PCI value as well as the predicted condition in 2010 and 2015 if no
major rehabilitation is performed. These predictions were made using pavement performance
models developed during the project and represent estimated conditions if only routine
maintenance is performed during the next 10 years.

Table 2. Twisp Municipal Airport present and future PCI values and anticipated repair needs.

Branch' Section 2005 2010 3 2015

PCI | Repair Level | PCI | Repair Level PCI | Repair Level
AO01ITW 01 91 Prev. Mnt. 75 Prev. Mnt. 60 Rehabilitation
A02TW 01 88 Prev. Mnt. 72 Prev. Mnt. 58 Rehabilitation
A02TW 02 94 Prev. Mnt. 78 Prev. Mnt. 62 Prev. Mnt.
A03TW 01 100 Prev. Mnt. 93 Prev. Mnt. 85 Prev. Mnt.
A03TW 02 100 Prev. Mnt. 93 Prev. Mnt. 85 Prev. Mnt.
AO03TW 03 100 Prev. Mnt. 93 Prev. Mnt. 85 Prev. Mnt.
RIOTW 01 41 Rehabilitation 32 | Reconstruction | 24 | Reconstruction
TOITW 01 33 | Reconstruction | 25 Reconstruction 19 | Reconstruction
TOITW 02 41 Rehabilitation 32 Reconstruction 24 | Reconstruction
TO2TW 01 27 | Reconstruction | 21 Reconstruction 16 | Reconstruction
TO3TW 01 100 Prev. Mnt. 91 Prev. Mnt. 81 Prev. Mnt.

'See Figure 3 for the location of the branch and section.

?Prev. Mnt. = preventive maintenance.

Applied Pavement Technology, Inc.
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PAVEMENT MAINTENANCE AND REHABILITATION PROGRAM

Using the information collected during the pavement inspection, a rehabilitation program for
2006 through 2012 was developed for Twisp Municipal Airport. In addition, a 1-year plan for
2006 for localized preventive maintenance (such as crack sealing and patching) was prepared.
The Micro PAVER pavement management software was used to perform this analysis.

Analysis Parameters

Critical PCI Values

Micro PAVER uses critical PCI values to determine whether preventive maintenance or major
rehabilitation is the appropriate repair action. Above the critical PCI, localized (such as crack
sealing) and global (such as a slurry seal) preventive maintenance activities are recommended.
Below the critical PCI, major rehabilitation (such as an overlay or reconstruction) is
recommended. WSDOT established the critical PCI values shown in Table 3.

Table 3. Critical PCI values.

Load .
Surface Type Classification Runway Taxiway Apron
AC <60,000# 65 60 60
>60,000# 70 65 60
<60,000# 55 50 50
pcC >60,000# 60 55 50

Budget and Inflation Rate

An unlimited budget and an inflation rate of 3 percent were used during the analysis.

Maintenance Policies and Unit Costs

Localized preventive maintenance policies were developed for AC and PCC pavements. These
policies, shown in Appendix E, identify the localized maintenance actions that WSDOT
considers appropriate to correct different distress types when the PCI of the pavement is above
the critical PCI level.

Global maintenance policies were also developed. These are maintenance actions that are
applied over an entire section, rather than just to distressed areas. Global maintenance treatments
of fog seals and slurry seals were considered during the analysis for non-NPIAS airports only.

CH2M HILL estimated unit costs at the state level for each of the repair types in the localized
and global maintenance policies, and these costs are provided in Appendix E. Please note that
the maintenance policies and unit costs may require adjustment to reflect specific conditions at
Twisp Municipal Airport.

Applied Pavement Technology, Inc. 12



Twisp Municipal Airport Pavement Management Report February 2006

Major Rehabilitation Unit Costs

Micro PAVER estimates the cost of major rehabilitation based upon the PCI of the pavement.
CH2M HILL developed the unit costs used during the analysis, and they are presented in
Appendix E. If major rehabilitation is recommended in the program, further engineering
investigation will be needed to identify the most appropriate rehabilitation action and to more
accurately estimate the cost of such work.

Analysis Approach

The goal of the rehabilitation program is to maintain the pavements above established critical
PCI values. Major rehabilitation was recommended for pavements in the year they dropped
below their critical PCI value for 2007 through 2012. However, no major rehabilitation was
recommended for 2006 unless the project is already programmed in WSDOT Aviation’s Local
Airport Aid Program. In situations where major rehabilitation was recommended for 2006 but
the project is not in WSDOT Aviation’s Aid Program, the major rehabilitation was shifted to
2007. With the assistance of WSDOT, some work activities were grouped into single project
years and work types for economic and operational reasons. For example, if one section of a
runway was triggered for work in one year and another for a different year, or if different repair
types were triggered, the plan was adjusted to a single treatment year and treatment type for the
runway.

For 2006, a localized preventive maintenance plan was developed for those pavement sections
that were above their critical PCI value. If major rehabilitation was triggered for a section in
2006 or 2007, then localized maintenance was not recommended for 2006. While localized
preventive maintenance should be an annual undertaking at Twisp Municipal Airport, it is not
possible to accurately predict the propagation of cracking and so on. The airport should budget
for maintenance every year and can use the 2006 maintenance plan as a baseline for that work.
As the pavements age, it can be assumed that the amount of localized maintenance required will
increase.

Analysis Results

A summary of the pavement repair program for Twisp Municipal Airport is presented in Table 4
and in Figure 9. Detailed information on the localized maintenance plan for 2006 is contained in
Appendix F.

The recommendations presented in this report are based upon a broad network-level analysis and
are meant to provide Twisp Municipal Airport with an indication of the type of pavement-related
work required during the next seven years. Further engineering investigation may be needed to
identify which repair action is most appropriate. In addition, the cost estimates provided are
based on a statewide policy, and Twisp Municipal Airport should adjust the plan to reflect local
costs.

Because an unlimited budget was used in the analysis, it is probable that the pavement
repair program will need to be adjusted to take into account economic and/or operational
constraints. The identification of the need for a global maintenance or major rehabilitation
project does NOT mean that state funding will be available to complete the work in the year
shown. It is important to remember that regardless of the recommendations presented within this

Applied Pavement Technology, Inc. 13
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report, Twisp Municipal Airport is responsible for repairing pavements where existing conditions
pose a hazard to safe operations.

Table 4. Twisp Municipal Airport unlimited budget global maintenance and major
rehabilitation plan.

Year Branch' Section Action ES“““‘E ed
Cost
AO0ITW 01 Fog Seal $1,531
01 Fog Seal $4,663
AO02TW
02 Fog Seal $1,356
2008 R10TW 01 2" AC Construction $695,686
01 2" AC Construction $189,023
TOITW
02 2" AC Construction $104,096
TO2TW 01 2" AC Construction $23,872
Total $1,020,227

'See Figure 3 for the location of the branch and section.

*Cost estimates are based on broad statewide numbers and should be adjusted to reflect local
costs.

Applied Pavement Technology, Inc. 14
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General Maintenance Recommendations

In addition to the specific maintenance actions presented in Appendix F, the following strategies
are recommended to prolong pavement life:

1.

Conduct an aggressive campaign against weed growth through timely herbicide
applications. Vegetation growing in pavement cracks is very destructive and
significantly increases the rate of pavement deterioration.

Implement a periodic crack sealing program. Sealing cracks is a proven method for cost-
effectively keeping water and debris out of the pavement system and extending its life.

Ensure that dirt does not build up along the edges of the pavements. This can create a
“bathtub” effect—reducing the ability of water to drain away from the pavement system.

Closely monitor heavy equipment movement, such as construction equipment,
emergency equipment, and fueling equipment, to make sure that it is only operating on
pavement designed to accommodate the heavy loads this type of equipment often applies.
Failure to restrict heavy equipment to appropriate areas may result in the premature
failure of airport pavements.

Applied Pavement Technology, Inc. 16
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FAA AC 150/5380-6A



Q Advisory

U.S. Department -
of Transportation C I rc I a r
Federal Aviation u

Administration

Subject: GUIDELINES AND PROCEDURES FOR Date: 7/14/03 AC No: 150/5380-6A
MAINTENANCE OF AIRPORT PAVEMENTS Initiated by: AAS-100 Change:

1. PURPOSE. This Advisory Circular (AC) provides guidelines and procedures for maintaining rigid and flexible
airport pavements.

2. CANCELLATION. This AC cancels AC 150/5380-6, Guidelines and Procedures for Maintenance of Airport
Pavements, dated 12/3/82.

3. APPLICATION. The Federal Aviation Administration (FAA) recommends these guidelines for airport
pavements, as appropriate.

4. RELATED READING MATERIAL. The publications in Appendix 2, Bibliography, provide further guidance
and technical information.

il

David L. Bennett
Director of Airport Safety and Standards
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CHAPTER 1. INTRODUCTION TO AIRPORT PAVEMENT MAINTENANCE.

1-1. PURPOSE OF ADVISORY CIRCULAR. Airport managers and technical/maintenance personnel
responsible for the operation and maintenance of airports continually face problems with pavement distress and
deterioration. This advisory circular (AC) provides information on the types of pavement distress that occur and
recommends corrective actions to undertake during preventive and remedial maintenance. The FAA recommends
that airports follow ASTM D 5340, Standard Test Method for Airport Pavement Condition Index Surveys, when
conducting preventive maintenance inspections. This standard employs the visual distress identification and rating
system known as the Pavement Condition Index (PCI).

1-2. BACKGROUND OF ADVISORY CIRCULAR. The aviation community has a large investment in airport
pavements. The major objective in the design and construction of these pavements is to provide adequate
load-carrying capacity and good ride quality necessary for the safe operation of aircraft under all weather conditions.
Immediately after completion, airport pavements begin a gradual deterioration that is attributable to several factors.
Traffic loads in excess of those forecast during pavement design can shorten pavement life considerably. Normal
distresses in the pavement structure result from surface weathering, fatigue effects, and differential movement in the
underlying subbase over a period of years. In addition, faulty construction techniques, substandard materials, or
poor workmanship can accelerate the pavement deterioration process. Consequently, airport pavements require
continual routine maintenance, rehabilitation, and upgrading.

a. Many pavements were not designed for servicing today's aircraft, which impose loads much greater than
those initially considered. Also, the frequency of takeoffs and landings at many airports has increased considerably.
Both factors result in accelerated deterioration of the pavement structure. To assure safe operations, airports must
make special efforts to upgrade and maintain pavement serviceability.

b. The most effective means of preserving airport runways, taxiways, and apron pavement areas is to
implement a comprehensive maintenance program. To be effective, such a program must take a coordinated,
budgeted, and systematic approach to both preventive and remedial maintenance. Many airports using this approach
have experienced tangible benefits. The comprehensive maintenance program should be updated annually and
feature a schedule of inspections and a listing of required equipment and products. The airport should
systematically make repairs and take preventive measures, when necessary, on an annual basis. A systematic
approach assures continual vigilance and permits the stockpiling of maintenance materials, which assures their
availability for routine and emergency maintenance.

Special Airport Improvement Program grant conditions now require many airports to develop and maintain an
effective airport pavement maintenance management program. The FAA, however, also encourages airports that
are not specifically required to develop maintenance programs to do so as a means of preserving their facilities. An
effective pavement maintenance program can take many forms but must include several basic items, which are listed
in Appendix 1. These items must be present in maintenance programs required by the FAA. They provide the core
for an effective program, which can then be tailored and customized for the specific needs of the facility.

c¢. Two major elements contribute to pavement deterioration: the gradual effects of weathering and the action
of aircraft traffic. Early detection and repair of pavement defects is the most important preventive maintenance
procedure. Failure to perform routine maintenance during the early stages of deterioration may eventually result in
serious pavement distresses that require extensive repairs that will be costly in terms of dollars and closure time. In
all cases of pavement distress manifestations, the causes of the problem should first be determined. If the causes are
known, an airport can select a repair method that will not only correct the present damage, but also prevent or retard
its progression.

d. The selection of a specific rehabilitation method involves considering both economic and engineering
impacts. Airports should prioritize long-term effects rather than focusing on immediate short-term remedies. They
should compare the cost of rehabilitation alternatives over some finite period of time (life cycle) and consider the
future economic consequences of a repair method as well as the initial rehabilitating maintenance costs.

e. The present or immediate costs of a pavement rehabilitation/maintenance project include actual costs of the
repairs and the estimated costs that airport users will incur because of the project. Airport user costs include those

experienced by airlines, fixed base operators, concession operators, and others due to traffic delays, re-routings, etc.

1
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Future costs include those incurred later in the life cycle (depending on the life expectancy of the repair) plus the
routine maintenance costs expected over the same period. A comparative analysis of these costs for the various
alternatives will suggest the most economical rehabilitation scheme.
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CHAPTER 2. AIRPORT PAVEMENTS: COMPOSITION AND FUNCTION.

2-1. INTRODUCTION TO AIRPORT PAVEMENTS. Airport pavements are designed, constructed, and
maintained to support the critical loads imposed on them and to produce a smooth, skid-resistant, and safe-riding
surface. The pavement must be of such quality and thickness to ensure it will not fail under the loads imposed and
be durable enough to withstand the abrasive action of traffic, adverse weather conditions, and other deteriorating
influences. To ensure the necessary strength of the pavement and to prevent unmanageable distresses from
developing, the airport should consider various design, construction, and material-related parameters. This chapter
helps airports assess these parameters by providing information on the composition of pavement sections and the
functional aspects of flexible and rigid pavement components.

2-2. CLASSIFICATION OF AIRPORT PAVEMENTS. Generally, pavements fall into two classes:
a. Rigid pavements
b. Flexible pavements

Combinations of different pavement types and stabilized layers form complex pavements that can be classified as
variations of the normal rigid and flexible types. Overlay pavements—existing pavement structures that are overlaid
by either of the pavement types—are also common.

2-3. RIGID PAVEMENT COMPOSITION AND STRUCTURE. Rigid pavements normally use Portland
cement concrete as the prime structural element. Depending on conditions, engineers may design the pavement slab
with plain, lightly reinforced, continuously reinforced, prestressed, or fibrous concrete. The concrete slab usually
lies on a compacted granular or treated subbase, which is supported, in turn, by a compacted subgrade. The subbase
provides uniform stable support and may provide subsurface drainage. The concrete slab has considerable flexural
strength and spreads the applied loads over a large area. Figure 2-1 illustrates a typical rigid pavement structure.
Rigid pavements have a high degree of rigidity. Figure 2-2 show how this rigidity and the resulting beam action
enable rigid pavements to distribute loads over large areas of the subgrade. Better pavement performance requires
that support for the concrete slab be uniform. Rigid pavement strength is most economically built into the concrete
slab itself with optimum use of low-cost materials under the slab.

Portland Cement Concrete Slab

000@060060§a©© Subbase Course (may be stabilized)

R CY Frost Protection (as appropriate)

/\\\ Subgrade

FIGURE 2-1. TYPICAL RIGID PAVEMENT STRUCTURE.
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Wheel Load

/ Concrete Slab

Foundation Support

FIGURE 2-2. TRANSFER OF WHEEL LOAD TO FOUNDATION IN RIGID PAVEMENT STRUCTURE.

a. Concrete Slab (Surface Layer). The concrete slab provides structural support to the aircraft, provides a
skid-resistant surface, and prevents the infiltration of excess surface water into the subbase.

b. Subbase. The subbase provides uniform stable support for the pavement slab. The subbase also serves to
control frost action, provide subsurface drainage, control swelling of subgrade soils, provide a stable construction
platform for rigid pavement construction, and prevent mud pumping of fine-grained soils. Rigid pavements
generally require a minimum subbase thickness of 4 inches (100 mm).

c. Stabilized Subbase. All new rigid pavements designed to accommodate aircraft weighing 100,000 pounds
(45,000 kg) or more must have a stabilized subbase. The structural benefit imparted to a pavement section by a
stabilized subbase is reflected in the modulus of subgrade reaction assigned to the foundation.

d. Frost Protection Layer. In areas where freezing temperatures occur and where frost-susceptible soil with
a high ground water table exists, engineers must consider frost action when designing pavements. Frost action
includes both frost heave and loss of subgrade support during the frost-melt period. Frost heave may cause a portion
of the pavement to rise because of the nonuniform formation of ice crystals in a frost-susceptible material (see
Figure 2-3). Thawing of the frozen soil and ice crystals may cause pavement damage under loads. The frost
protection layer functions as a barrier against frost action and frost penetration into the lower frost-susceptible
layers.

Pavement Surface

O OO O O Ice Crystals in Frost-Susceptible Layer

[
% % % % % * Upward Water Movement by Capillary Action

FIGURE 2-3. FORMATION OF ICE CRYSTALS IN FROST-SUSCEPTIBLE SOIL.

e. Subgrade. The subgrade is the compacted soil layer that forms the foundation of the pavement system.
Subgrade soils are subjected to lower stresses than the surface and subbase courses. These stresses decrease with
depth, and the controlling subgrade stress is usually at the top of the subgrade unless unusual conditions exist.
Unusual conditions, such as a layered subgrade or sharply varying water content or densities, may change the
locations of the controlling stress. The soils investigation should check for these conditions. The pavement above
the subgrade must be capable of reducing stresses imposed on the subgrade to values that are low enough to prevent
excessive distortion or displacement of the subgrade soil layer.
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Since subgrade soils vary considerably, the interrelationship of texture, density, moisture content, and strength of
subgrade material is complex. The ability of a particular soil to resist shear and deformation will vary with its
density and moisture content. In this regard, the soil profile of the subgrade requires careful examination. The soil
profile is the vertical arrangement of layers of soils, each of which may possess different properties and conditions.
Soil conditions are related to the ground water level, presence of water-bearing strata, and the properties of the soil,
including soil density, particle size, moisture content, and frost penetration. Since the subgrade soil supports the
pavement and the loads imposed on the pavement surface, it is critical to examine soil conditions to determine their
effect on grading and paving operations and the need for underdrains.

2-4. FLEXIBLE PAVEMENT COMPOSITION AND STRUCTURE. Flexible pavements support loads
through bearing rather than flexural action. They comprise several layers of carefully selected materials designed to
gradually distribute loads from the pavement surface to the layers underneath. The design ensures the load
transmitted to each successive layer does not exceed the layer's load-bearing capacity. A typical flexible pavement
section is shown in Figure 2-4. Figure 2-5 depicts the distribution of the imposed load to the subgrade. The various
layers composing a flexible pavement and the functions they perform are described below:

a. Bituminous Surface (Wearing Course). The bituminous surface, or wearing course, is made up of a
mixture of various selected aggregates bound together with asphalt cement or other bituminous binders. This
surface prevents the penetration of surface water to the base course; provides a smooth, well-bonded surface free
from loose particles, which might endanger aircraft or people; resists the stresses caused by aircraft loads; and
supplies a skid-resistant surface without causing undue wear on tires.

b. Base Course. The base course serves as the principal structural component of the flexible pavement. It
distributes the imposed wheel load to the pavement foundation, the subbase, and/or the subgrade. The base course
must have sufficient quality and thickness to prevent failure in the subgrade and/or subbase, withstand the stresses
produced in the base itself, resist vertical pressures that tend to produce consolidation and result in distortion of the
surface course, and resist volume changes caused by fluctuations in its moisture content. The materials composing
the base course are select hard and durable aggregates, which generally fall into two main classes: stabilized and
granular. The stabilized bases normally consist of crushed or uncrushed aggregate bound with a stabilizer, such as
Portland cement or bitumen. The quality of the base course is a function of its composition, physical properties, and
compaction of the material.

c. Subbase. This layer is used in areas where frost action is severe or the subgrade soil is extremely weak.
The subbase course functions like the base course. The material requirements for the subbase are not as strict as
those for the base course since the subbase is subjected to lower load stresses. The subbase consists of stabilized or
properly compacted granular material.

d. Frost Protection Layer. Some flexible pavements require a frost protection layer. This layer functions
the same way in either a flexible or a rigid pavement. (See paragraph 2-3d.)

e. Subgrade. The subgrade is the compacted soil layer that forms the foundation of the pavement system.
Subgrade soils are subjected to lower stresses than the surface, base, and subbase courses. Since load stresses
decrease with depth, the controlling subgrade stress usually lies at the top of the subgrade. The combined thickness
of subbase, base, and wearing surface must be great enough to reduce the stresses occurring in the subgrade to
values that will not cause excessive distortion or displacement of the subgrade soil layer. (See paragraph 2-3e for
factors affecting subgrade behavior.)
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FIGURE 2-4. TYPICAL FLEXIBLE PAVEMENT STRUCTURE.
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FIGURE 2-5. DISTRIBUTION OF LOAD STRESS IN FLEXIBLE PAVEMENT.
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2-5. AIRPORT PAVEMENT OVERLAYS. Airport pavement overlays may correct deteriorating pavement
surfaces, improve ride quality or surface drainage, maintain structural integrity, or increase pavement strength.
Overlays are used when a pavement is damaged by overloading, requires strengthening to serve heavier aircraft,

shows severe ponding because of uneven settling, or has simply served its design life and is worn out.

Airport

pavement overlays generally consist of either Portland cement concrete or bituminous concrete, and the resulting
pavement system may be classified as either rigid or flexible for load-support purposes.

2-6. RECYCLED PAVEMENT STRUCTURES.

The pavement elements discussed in paragraphs 2-4 and 2-5

also apply to pavements composed of recycled layers except that in-situ materials are recycled and used in place of

importing selected materials.

In-situ materials may be crushed, blended, rehandled, and/or treated to produce a

controlled pavement layer. Recycled layers may make up the entire pavement structure or be used in combination

with existing and/or new pavement layers.
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CHAPTER 3. PAVEMENT DISTRESS.

3-1. GENERAL. Various external signs or indicators make the deterioration of a pavement apparent, and often
reveal the probable causes of the failure. This chapter provides a detailed discussion and description of the types of
pavement distress and relates them to likely causal factors.

3-2. TYPES OF PAVEMENT DISTRESS. The discussions of problems related to pavement distress are
generally based on whether the pavement has a concrete or bituminous surface type. However, while different
distresses possess their own particular characteristics, the various types generally fall into one of the following broad
categories:

a. Cracking

b. Distortion

c. Disintegration

d. Loss of skid resistance

ASTM D 5340, Test Method for Airport Pavement Condition Surveys, provides detailed examples of each distress.
The Pavement-Transportation Computer Assisted Structural Engineering (PCASE) software package and the
Department of Defense Unified Facilities Guide include similar examples. The PCASE software is available from
the U.S. Army Corp of Engineers at http://www.pcase.com. The Unified Facilities Guide is available from several
sources, including http://www.ccb.org/ufgs/ufgs.htm and http://65.204.17.188/report/doc_ufc.html.

3-3. CONCRETE PAVEMENT DISTRESSES.

a. Cracking. Cracks in concrete pavements often result from stresses caused by expansion and contraction or
warping of the pavement. Overloading, loss of subgrade support, and insufficient and/or improperly cut joints
acting singly or in combination are also possible causes. Several different types of cracking can occur:

(1) Longitudinal, Transverse, and Diagonal Cracks. A combination of repeated loads and shrinkage
stresses usually causes this type of distress. It is characterized by cracks that divide the slab into two or three pieces.
These types of cracks can indicate poor construction techniques or weak underlying pavement layers.

(2) Corner Breaks. Load repetition, combined with loss of support and curling stresses, usually causes
cracks at the slab corner. The lack of support may be caused by pumping or loss of load transfer at the joint. This
type of break is characterized by a crack that intersects the joints at a distance less than or equal to one-half of the
slab length on both sides, measured from the corner of the slab. A corner crack differs from a corner spall in that the
crack extends vertically through the entire slab thickness; a corner spall intersects the joint at an angle.

(3) Durability "D" Cracking. "D" cracking usually appears as a pattern of cracks running in the vicinity
of and parallel to a joint or linear crack. It is caused by the concrete's inability to withstand environmental factors
such as freeze-thaw cycles because of variable expansive aggregates. This type of cracking may eventually lead to
disintegration of the concrete within 1 to 2 feet (30 to 60 cm) of the joint or crack.

(4) Joint Seal Damage. Joint seal damage is any condition that enables soil or rocks to accumulate in the
joints or that allows infiltration of water. Accumulation of materials prevents the slabs from expanding and may
result in buckling, shattering, or spalling. Water infiltration through joint seal damage can cause pumping or
deterioration of the subbase. Typical types of joint seal damage include stripping of joint sealant, extrusion of joint
sealant, hardening of the filler (oxidation), loss of bond to the slab edges, and absence of sealant in the joint. Joint
seal damage is caused by improper joint width, use of the wrong type of sealant, incorrect application, and/or not
properly cleaning the joint before sealing.

(5) Shattered Slab. A shattered slab is defined as a slab where intersecting cracks break up the slab into
four or more pieces. This is caused by overloading and/or inadequate foundation support.



AC 150/5380-6A 7/14/03

b. Disintegration. Disintegration is the breaking up of a pavement into small, loose particles and includes the
dislodging of aggregate particles. Improper curing and finishing of the concrete, unsuitable aggregates, and improper
mixing of the concrete can cause this distress. Disintegration falls into four categories:

(1) Scaling, Map Cracking, and Crazing. Scaling is the disintegration and loss of the wearing surface.
A surface weakened by improper curing or finishing and freeze-thaw cycles can lead to scaling. Map cracking or
crazing refers to a network of shallow hairline cracks that extend only through the upper surface of the concrete.
Crazing usually results from improper curing and/or finishing of the concrete and may lead to scaling of the surface.
Alkali-Silica Reactivity (ASR) is another source of distress associated with map cracking. ASR is caused by an
expansive reaction between aggregates containing silica and alkaline pore solutions of the cement paste.

(2) Joint Spalling. Joint spalling is the breakdown of the slab edges within 2 feet (60 cm) of the side of
the joint. A joint spall usually does not extend vertically through the slab but intersects the joint at an angle. Joint
spalling often results from excessive stresses at the joint or crack caused by infiltration of incompressible materials
or weak concrete at the joint (caused by overworking) combined with traffic loads. Joint spalling also results when
dowels, which can prevent slab movement, become misaligned either through improper placement or improper
slippage preparation.

(3) Corner Spalling. Corner spalling is the raveling or breakdown of the slab within approximately 2 feet
(60 cm) of the corner. It differs from a corner break in that the spall usually angles downward to intersect the joint,
while a break extends vertically through the slab. The same mechanisms that causes joint spalling often causes
corner spalling, but this type of distress may appear sooner because of increased exposure.

(4) Blowups. Blowups usually occur at a transverse crack or joint that is not wide enough to permit
expansion of the concrete slabs. . Insufficient width may result from infiltration of incompressible materials into the
joint space or by gradual closure of the joint caused by expansion of the concrete due to ASR. When expansive
pressure cannot be relieved, a localized upward movement of the slab edges (buckling) or shattering will occur in
the vicinity of the joint. Blowups normally occur only in thin pavement sections, although blowups can also appear
at drainage structures (manholes, inlets, etc.). The frequency and severity of blowups may increase with an asphalt
overlay due to the additional heat absorbed by the dark asphalt surface. They generally occur during hot weather
because of the additional thermal expansion of the concrete.

c. Distortion. Distortion refers to a change in the pavement surface’s original position, and it results from
foundation settlement, expansive soils, frost-susceptible soils, or loss of fines through improperly designed
subdrains or drainage systems. Two types of distortion generally occur:

(1) Pumping. The deflection of the slab when loaded may cause pumping, which is characterized by the
ejection of water and subgrade (or subbase) material through the joints or cracks in a pavement. As the water is
ejected, it carries particles of gravel, sand, clay, or silt with it, resulting in a progressive loss of pavement support
that can lead to cracking. Evidence of pumping includes surface staining and base or subgrade material on the
pavement close to joints or cracks. Pumping near joints indicates poor joint-load transfer, a poor joint seal, and/or
the presence of ground water.

(2) Settlement or Faulting. Settlement or faulting is a difference in elevation at a joint or crack caused
by upheaval or nonuniform consolidation of the subgrade or subbase material. This condition may result from loss
of fines, frost heave, loss of load transfer device (key, dowel, etc.), or swelling soils.

d. Skid Resistance. Skid resistance refers to the ability of a pavement to provide a surface with the desired
friction characteristics under all weather conditions. It is a function of the surface texture or the buildup of
contaminants.

(1) Polished Aggregates. Some aggregates become polished quickly under traffic. Naturally polished
aggregates create skid hazards if used in the pavement without crushing. Crushing the naturally polished aggregates
creates rough angular faces which provide good skid resistance.

(2) Contaminants. Rubber deposits building up over a period of time will reduce the surface friction
characteristics of a pavement. Oil spills and other contaminants will also reduce the surface friction characteristics.
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3-4. BITUMINOUS PAVEMENT DISTRESSES.

a. Cracking. Cracks in bituminous pavements are caused by deflection of the surface over an unstable
foundation, shrinkage of the surface, thermal expansion and contraction of the surface, poorly constructed lane
joints, or reflection cracking. Five types of cracks commonly occur in these types of pavements:

(1) Longitudinal and Transverse Cracks. Longitudinal and transverse cracks often result from
shrinkage or contraction of the bituminous concrete surface. Shrinkage of the surface material is caused by
oxidation and age hardening of the asphalt material. Contraction is caused by thermal fluctuations. Poorly
constructed lane joints may accelerate the development of longitudinal cracks.

(2) Alligator or Fatigue Cracking. Alligator cracks refer to interconnected cracks that form a series of
small blocks resembling alligator skin. They may be caused by fatigue failure of the bituminous surface under
repeated loading or by excessive deflection of the asphalt surface over a weakened or under-designed foundation.
The weakened support is usually the result of water saturation of the bases or subgrade.

(3) Block Cracking. Shrinkage of the asphalt concrete and daily temperature cycling, which results in
daily stress/strain cycling, causes block cracking. These are interconnected cracks that divide the pavement into
approximately rectangular pieces. This type of distress usually indicates that the asphalt has hardened significantly.
Block cracking generally occurs over a large portion of the pavement area and may sometimes occur only in
nontraffic areas.

(4) Slippage Cracks. Slippage cracks appear when braking or turning wheels cause the pavement surface
to slide and deform. This usually occurs when there is a low-strength surface mix or poor bond between the surface
and the next layer of the pavement structure. These cracks are crescent or half-moon-shaped with the two ends
pointing away from the direction of traffic.

(5) Reflection Cracking. Vertical or horizontal movements in the pavement beneath an overlay cause
this type of distress. These movements may be due to expansion and contraction caused by temperature and
moisture changes or traffic loads. The cracks in asphalt overlays reflect the crack pattern in the underlying
pavement. They occur most frequently in asphalt overlays on Portland cement concrete pavements. However, they
may also occur on overlays of asphalt pavements wherever cracks in the old pavement have not been properly
repaired.

b. Disintegration. Disintegration in a bituminous pavement is caused by insufficient compaction of the
surface, insufficient asphalt in the mix, loss of adhesion between the asphalt coating and aggregate particles, or
overheating of the mix. The most common type of disintegration in bituminous pavements is raveling. Raveling is
the wearing away of the pavement surface caused by the dislodging of aggregate particles and the loss of asphalt
binder. As the raveling continues, larger pieces are broken free, and the pavement takes on a rough and jagged
appearance.

c. Distortion. Distortion in bituminous pavements is caused by foundation settlement, insufficient
compaction of the pavement courses, lack of stability in the bituminous mix, poor bond between the surface and the
underlying layer of the pavement structure, and swelling soils or frost action in the subgrade. Four types of
distortion commonly occur:

(1) Rutting. A rut is characterized by a surface depression in the wheel path. In many instances, ruts
become noticeable only after a rainfall when the wheel paths fill with water. This type of distress is caused by a
permanent deformation in any one of the pavement layers or subgrade, resulting from the consolidation or
displacement of the materials due to traffic loads.

(2) Corrugation and Shoving. Corrugation results from a form of plastic surface movement typified by
ripples across the surface. Shoving is a form of plastic movement resulting in localized bulging of the pavement
surface. Corrugation and shoving can be caused by a lack of stability in the mix and a poor bond between material
layers.

(3) Depression. Depressions are localized low areas of limited size. In many instances, light depressions
become noticeable only after a rain, when ponding creates "birdbath" areas. Depressions may result from traffic
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heavier than that for which the pavement was designed, localized settlement of the underlying pavement layers, or
poor construction methods.

(4) Swelling. An upward bulge in the pavement's surface characterizes swelling. It may occur sharply
over a small area or as a longer gradual wave. Both types of swell may be accompanied by surface cracking. A
swell is usually caused by frost action in the subgrade or by swelling soil.

d. Loss of Skid Resistance. Factors that decrease the skid resistance of a pavement surface and can lead to
hydroplaning include too much asphalt in the bituminous mix, too heavy a tack coat, poor aggregate subject to wear,
and buildup of contaminants. In bituminous pavements, a loss of skid resistance may result from the following:

(1) Bleeding. Bleeding is characterized by a film of bituminous material on the pavement surface that
resembles a shiny, glass-like, reflecting surface that usually becomes quite sticky. It is caused by excessive amounts
of asphalt cement or tars in the mix and/or low air-void content and occurs when asphalt fills the voids in the mix
during hot weather and then expands out onto the surface of the pavement. Bleeding may also result when an
excessive tack coat is applied prior to placement of the asphalt surface material. Since the bleeding process is not
reversible during cold weather, asphalt or tar will accumulate on the surface. Extensive bleeding may cause a severe
reduction in skid resistance.

(2) Polished Aggregate. Aggregate polishing is caused by repeated traffic applications. It occurs when
the aggregate extending above the asphalt is either very small, of poor quality, or contains no rough or angular
particles to provide good skid resistance.

(3) Fuel Spillage. Continuous fuel spillage on a bituminous surface will soften the asphalt. Areas subject
to only minor fuel spillage will usually heal without repair, and only minor damage will result.

(4) Contaminants. Accumulation of rubber on the pavement surface will reduce the skid resistance of a
pavement. Buildup of rubber deposits in pavement grooves will reduce the effectiveness of the grooves and increase
the likelihood of hydroplaning

3-5. DRAINAGE OF AIRPORT PAVEMENTS.

a. A proper drainage system is essential to preventive maintenance. Probably no other factor plays such an
important role in determining the ability of a pavement to withstand the effects of weather and traffic. The drainage
system collects and removes surface water runoff, removes excess underground water, lowers the water table, and
protects all slopes from erosion. An inadequate drainage system can cause saturation of the subgrade and subbase,
damage to slopes by erosion, and loss of the load-bearing capacity of the paved surfaces. Whenever pavement
failure occurs, the airport should investigate the possibility of deficient drainage.

b. The damage mechanism of free water in the pavement system is related to the amount of free water in the
boundaries between the structural layers of the pavement system. When water fills the voids and spaces at the
boundaries between layers, heavy wheel loads applied to the surface of the pavement produce impacts on the water
comparable to a water-hammer type of action. The resulting water pressure causes erosion of the pavement
structure and ejection of the material out of the pavement.

c. There are two general classes of drainage systems: surface and subsurface. Classification depends on
whether the water is on or below the surface of the ground at the point where it is first intercepted or collected for
disposal. Where both types of drainage are required, it is generally good practice for each system to function
independently.

(1) Surface Drainage. Surface drainage controls, collects, and disposes of water from rainstorms and
melting snow and ice that accumulate on the surface of the pavement and nearby ground. Surface drainage of
pavements is achieved by constructing the pavement surface and adjacent ground in a way that allows for adequate
runoff. The water may be collected at the edges of the paved surface in ditches, gut